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of immature B cells from the bone marrow prior to their development into naïve, recirculating mature B 151 cells, all mature B cells recovered from the chimeras also must be of donor origin. In order to ascertain if 152 ST6Gal-1 had been secreted, we measured sialyltransferase activities in the blood of the chimeras up to 153 8 weeks after transplantation using artificial O-benzyl-linked sialyltransferase substrates. Blood α2,3-154 sialyltransferase activity, which did not depend on ST6Gal-1, was not changed. In contrast, α2,6-155 sialyltransferase activity was entirely dependent upon ST6Gal-1 expression in the donor hematopoietic 156 cells, and this was steadily increased with time (Fig 4b) . Blood ST6Gal-1 activity even reached the baseline 157 wild-type average by 8 weeks post-transplant, demonstrating that hematopoietic cells alone, without 158 contribution from liver, were sufficient to maintain baseline blood ST6Gal- 1. 159 In order to distinguish between donor and recipient hematopoietic cells, we utilized CD45.1+ mice as 160 donors, and CD45.2+ / St6gal1-KO /μMT mice as recipients. Amongst the CD45.2+ residual host-derived 161
CD11b+ myeloid, c-kit+ hematopoietic progenitors, and CD41+ megakaryocyte-lineage cells, all of them 162 unable to express their own ST6Gal-1, increases in SNA reactivity were noted (Fig 4c, 4d) . Particularly, 163
progenitor Lin-/c-kit+/Sca-1-(LK) and Lin-/c-kit+/Sca-1+ (LSK) populations, as well as CD41+ 164 megakaryocyte lineage progenitors, were dramatically modified by cell non-autonomous extrinsic ST6Gal-165 1, in comparison to CD11b+ myeloid cell subtypes and Ter119+ erythrocyte progenitors. These 166 obeservations suggest target-dependent bias in the activity of extracellular ST6Gal- 1. 167 In order to understand the spatial distribution of a2,6-sialic acid, we visualized SNA reactivity within the 168 chimeric marrow of B cell deficient, St6gal1-KO/μMT recipients reconstituted with WT marrow cells. 169
Formalin-fixed and frozen whole femurs were stained with FITC-conjugated SNA lectin. These chimeras, 170 in which functional ST6Gal-1 and B lineage cells can only come from the donor, exhibited heterogenous 171 areas of SNA reactivity across the bone marrow. This data suggested areas of preferred enzymatic 172 sialylation in the bone marrow environment. Hence, areas representing varying SNA positivity, designated 173
as Regions of Interest (ROIs) were selected for analysis. Four such ROIs are outlined in white, with 174 observed SNA staining intensity of Region 1 > Region 4 > Region 3 > Region 2 (Fig 5a, top) . The whole9 femur was further stained for IgD (mature recirculating B cells from donor) and PF4 (megakaryocytes) 176 (Fig5a, middle). The co-localization of donor-derived IgD+ B cells and PF4+ megakaryocytes within the 177 pre-selected ROIs was examined. ROIs that were SNA-bright tend to have both megakaryocytes and 178
IgD+ B cells, whereas the ROIs with poor SNA staining were notably deficient in megakaryocytes, IgD+ B 179 cells, or both. This is represented in magnified images of Region 1 and Region 2, representing the highest 180 and lowest regions based on SNA-reactivity (Fig 5a, bottom) were CD45.1+, allowing them to be distinguished from the CD45.2+ μMT-derived cells during analysis (Fig  196   6a) . In order to understand if the presence of Ighm+ B cells influenced the extracellular pool of ST6Gal- 1, 197 we analyzed serum samples for α2,6-sialyltransferase activity. Our data indicate that from week 6 post-198 transplant, mice reconstituted with B cells exhibited higher blood ST6Gal-1 activity (Fig 6b) . Furthermore, 199 at 10 weeks post-transplant, mice receiving Ighm+/+ donor bone marrow demonstrated increased SNA 200 reactivity on the Ighm-/-hematopoietic cells within the blood and bone marrow, indicating that IgM+ B cells 201 contribute to the sialylation of non-self hematopoietic cells (Fig 6c) Samples from only a limited number of patients (n=15) were available, and these were examined. Because 216 of the clonal origin of multiple myeloma, the ST6Gal-1 expression of the neoplastic plasma cell could be 217 assessed. Moreover, the high occupancy of the bone marrow by the neoplasm, which in some cases 218 approached 60%, allowed for an assessment of the consequences of pathologically elevated ST6Gal-1 219 within the bone marrow microenvironment. 220
Paraffin-embedded bone marrow sections were stained for ST6Gal-1 using a DAB reagent. Plasma 221 cell-specific expression of ST6Gal-1 was assessed according to intensity (1-5) and frequency (0-100%) by 222 counting five groups of ten cells each in at least five fields of view per patient. The product of intensity and 223 frequency is referred to as "ST6Gal-1 score". ST6Gal-1 expression was highly heterogeneous between 224 patients, and varied from nearly completely absent to intense expression in 100% of examined cells (Fig  225 7a) . The expression of ST6Gal-1 in tumor cells was not associated with altered patient survival (Fig 7b) . 226
However, whereas the plasma cell burden and abundance of segmented neutrophils varied completely 227 independently (r 2 = 0.001, p = 0.88), we observed a striking relationship between plasma cell ST6Gal-1 228 expression and segmented neutrophils (Fig 7c) . Qualitatively, patients with low ST6Gal-1 expression in 229 plasma cells had evidence of abundant granulocytes on H&E staining, whereas high ST6Gal-1 expressing 230 patients had far fewer visible granulocytes (Fig 7d, arrows) . When ST6Gal-1 score was compared to the 231 frequency of granulocyte lineage cells, as assessed by pathologist evaluation, we identified a strong 232 negative correlation between ST6Gal-1 score and presence of segmented neutrophils (r 2 = 0.42, p = 233 0.0083) (Fig 7e) . Patients with low ST6Gal-1 scores (<100) had higher frequencies of mature neutrophils 234 (22.32+4.11%), whereas those with high ST6Gal-1 scores (>100) had markedly lower frequency 235 (9.1+2.6%) (Fig 7e inset) . hematopoietic stem and progenitor populations may be compensated for by secreted, extracellular enzyme, 276 making the bone marrow microenvironment a distinct niche space for extrinsic sialylation [25] . In contrast 277 to untreated wild-type mice, we observed striking regional heterogeneity in bone marrow sialylation among 278
St6gal1-KO chimeras reconstituted with wild-type bone marrow, with higher sialylation generally at the 279 epiphysis and metaphysis of long bones. Interestingly, these sites of high sialylation contained high 280 frequencies of IgD+ donor mature B cells that release the ST6Gal-1. We also observed spatial co-281 localization with megakaryocytes. In light of our previous observations that platelets can drive extrinsic 282 sialylation in the periphery, it stands to reason that megakaryocytes, the ontogenic precursors to platelets 283 and cell-free conditioned medium collected after 24, 48, and 72 hours. In order to control for secreted 361 protein per cell, an equal volume (1%) of conditioned media was resolved by 10% SDS-PAGE. 362
Densitometric quantification of adjusted band intensity was performed separately for 50kD and 42kD forms 363 of ST6Gal-1 using ImageJ software. 364
Enzymatic activity within conditioned medium was quantified using an artificial O-benzyl conjugated 365
Gal-β1,4-GlcNAc acceptor, as has been described before [36] . Briefly, conditioned medium was incubated 366 at 37C with artificial acceptor molecule and tritium-labeled CMP-sialic acid for 1 hour. The resulting reaction 367 mix was applied to an O-benzyl reactive column and extensively washed, then eluted with methanol. 368
Radioactive counts in the sample were quantified using a Beckman Coulter LS 6500 scintillation counter. 369 α2,6-sialylated product was precipitated with SNA-agarose beads, and SNA-reactive fraction once again 370 counted to quantify α2,6-sialyltransferase activity. Remaining α2,3-sialyltransferase activity was inferred. 371
Extrinsic sialylation of fixed hepatocytes: HepG2 cells (ATCC) were seeded onto sterile glass cover slips 372 in 6-well dishes for 3 days. Wells were washed with PBS and fixed for 5 minutes in 5% formalin solution. 373
Cover slips were carefully removed from wells, and subjected to 1 hour treatment with bacterial sialidase 374 C (Roche) at 37C, followed by incubation with concentrated Louckes conditioned medium for 1-2 hours at 375 37C, in the presence or absence of 100µM CMP-sialic acid charged sugar donor (EMD Millipore). Cover 376 slips were blocked in 5% BSA, stained with SNA-FITC lectin, further stained with DAPI, then mounted onto 377 charged microscope slides in 10% glycerol. Fluorescence was visualized immediately using a Nikon 378
Eclipse E600 microscope with EXFO X-cite 120 light source. Spot RT3 camera and Spot Software were 379 used to capture images. 
